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E-mail address: stephen.liddle@nottingham.ac.ukReaction of 2-trimethylsilylaminopyridine with n-butyl lithium or potassium hydride affords the alkali
metal ligand transfer reagents [{Li(C5H4N-2-NSiMe3)(THF)}2] (1) and [K(C5H4N-2-NSiMe3)(THF)0.25] (2),
respectively. The solid state structure of complex 1 was determined revealing a dimeric structure in
the solid state constructed around a centrosymmetric trans-l-amide-lithium Li2N2 core. The synthetic
utility of 1 and 2was demonstrated by their reactions with UCl4 and UI4(OEt2)2 to give the corresponding
uranium(IV) complexes [U(Cl)(C5H4N-2-NSiMe3)3] (3) and [U(I)(C5H4N-2-NSiMe3)3] (4), respectively.
Crystallographic analyses of 3 and 4 revealed heteroleptic monomeric complexes where all three trimeth-
ylsilyl groups are ‘up’ with respect to the halide co-ligand. The three 2-trimethylsilylamidopyridine
ligands in 3 and 4 are arranged in a twist-propeller orientation around each uranium centre giving
approximate C3 symmetry down the uranium-halide bond vector but crystals of 3 and 4 are racemic.
Attempts to reduce 4 to give the hypothetical uranium(III) complex [U(C5H4N-2-NSiMe3)3] were unsuc-
cessful and instead the only product that could be isolated from a variety of reactions was the homoleptic
uranium(IV) complex [U(C5H4N-2-NSiMe3)4] (5). Complex 5 exhibits ﬂuxionality in solution which was
studied by variable-temperature 1H NMR spectroscopy revealing decoalescence at low temperature
which is consistent with the presence of a structure in solution that is analogous to the solid state struc-
ture. Complexes 1–5 have been characterised by NMR and FTIR spectroscopy, Evans method magnetic
moment determinations, CHN microanalyses, and X-ray crystallography for 1 and 3–5.
 2011 Elsevier B.V. Open access under CC BY license.1. Introduction
2-Amidopyridine ligands have found extensive utility in transi-
tion metal chemistry in recent years because they combine an an-
ionic amide with a neutral pyridine in a chelate ring and offer a
wide range of substitution patterns [1]. A substantial number of
rare earth derivatives are also now known [1], but surprisingly
only two closely related examples with uranyl have been reported
for the actinide series [2]. Given the longstanding interest that one
of us has in 2-amidopyridine ligands [3–7], the importance of
amide [8] and related amidinate and guanidinate [9–25] ligands
in uranium chemistry, and our current programme of research uti-
lising triamido uranium complexes to prepare uranium-metal
complexes [26–32], we set out to prepare the ﬁrst 2-amidopyridine
complexes of uranium. In particular we targeted heteroleptic L3UX
complexes (L = 2-amidopyridine; X = halide) both of interest in
their own right, but also as precursors to low-valent uranium com-
plexes since uranium(III) complexes have exhibited novel mag-
netic phenomena and proven remarkably effective at activating
small molecules in recent years [33–47].Y license. 
(S.T. Liddle).Here, we report the synthesis of two new alkali metal
2-amidopyridine ligand transfer reagents and demonstrate their
utility in thepreparationof twoheteroleptic uranium(IV) L3UXcom-
plexes. Attempts to reduce these L3UX complexes to homoleptic
uranium(III) L3U complexes were, however, unsuccessful and only
the homoleptic uranium(IV) L4U complex could be isolated from
reaction mixtures. We selected the 2-trimethylsilylamidopyridine
ligand because of its close relationship to the exemplar bis(trimeth-
ylsilyl)amide ligand that has found extensive use in f-element
chemistry [8].
2. Results and discussion
2.1. Alkali metal ligand transfer reagents
Prior work by some of us [3–7] resulted in the synthesis of alkali
metal complexes of 2-trimethylsilylamidopyridine that incorpo-
rated crown ethers. The object of that study was to elucidate struc-
tural changes brought about in the solid state by variation of the
crown or alkali metal. However, we anticipated that crown ethers
would complicate the preparation of uranium derivatives. There-
fore, we investigated the preparation of alkali metal complexes
of 2-trimethylsilylamidopyridine in the presence of the co-ligand
THF since this is a typical solvent for uranium complexes. Accord-
ingly, we treated 2-trimethylsilylaminopyridine, prepared as
Fig. 1. Molecular structure of 1 with selective labelling. Displacement ellipsoids set
to 30% and hydrogen atoms omitted for clarity.
Table 1
Selected bond lengths (Å) for 1 and 3–5.
1
Li(1)–N(1A) 2.053(6) Li(1)–N(2) 2.089(6)
Li(1)–N(2A) 2.114(6) Li(1)–O(1) 1.940(6)
Li(2)–N(3A) 2.037(6) Li(2)–N(4) 2.073(6)
Li(2)–N(4A) 2.076(6) Li(2)–O(2) 1.897(6)
3
U(1)–N(1) 2.487(3) U(1)–N(2) 2.358(3)
U(1)–N(3) 2.483(4) U(1)–N(4) 2.342(3)
U(1)–N(5) 2.478(3) U(1)–N(6) 2.328(3)
U(1)–Cl(1) 2.6494(9)
4
U(1)–N(1) 2.503(4) U(1)–N(2) 2.352(5)
U(1)–N(3) 2.474(5) U(1)–N(4) 2.337(4)
U(1)–N(5) 2.481(5) U(1)–N(6) 2.338(5)
U(1)–I(1) 3.0888(5)
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168 D.M. King et al. / Inorganica Chimica Acta 380 (2012) 167–173described previously [3], with one equivalent of n-butyl lithium in
THF. Volatiles were removed and the resulting solid was washed
with hexanes to afford an analytically pure off-white solid in 80%
yield formulated as [{Li(C5H4N-2-NSiMe3)(THF)}2] (1), Scheme 1.
The 1H, 13C, 7Li, and 29Si NMR spectra of 1 conﬁrm the 1:1 2-trim-
ethylsilylamidopyridine:THF ratio and are as expected but are not
particularly informative as to the nature of 1. Therefore, we
conducted an X-ray diffraction study on crystals obtained from a
concentrated solution in hexane.
The molecular structure of 1 is illustrated in Fig. 1 and selected
bond lengths are listed in Table 1. Complex 1 adopts a dimeric
structure in the solid state, constructed around a classic trans-
Li2N2 four-membered ring involving the amide nitrogens. Each
lithium atom adopts an approximately tetrahedral geometry,
which is distorted principally by the tight bite angle of the 2-
amidopyridine ligand [66.95(17)]. A molecule of THF completes
the coordination sphere of lithium. This dimeric fragment can be
regarded as a fragment of an inﬁnite lithium amide ladder, follow-
ing well established structural building principles [48], which has
been intercepted by the THF and intramolecular coordination of
the pyridyl group. Two molecules of 1 crystallise in the crystallo-
graphic asymmetric unit but their metrical parameters are very
similar so we focus our discussion on one of the molecules only.
The Li(1)–N(1) and Li(1)–N(2), and Li(1)–N(2A) bond lengths are
2.053(6), 2.114(6) and 2.089(6) Å, respectively, and these compare
well to previous Li–N bond distances in related systems [49]. The
Li(1)–O(1) bond length of 1.940(6) Å is unremarkable.
Although lithium amides are excellent ligand transfer reagents,
reactionswith electropositivemetals such as f-block elements often
result in the formation of ‘ate’ salt occlusion complexes because of
the small size of lithium [50]. However, the corresponding potas-
sium salts rarely give occlusion complexes due to the large radius
of potassium and have the added beneﬁt of being more reactive
effecting straightforward ligand transfer [51]. We therefore investi-
gated the synthesis of the potassium congener of 1. Following a sim-
ilar procedure to the synthesis of 1, but substituting n-butyl lithium
with potassium hydride, afforded an off-white powder in 97% yield.
NMR spectroscopy and CHN microanalyses suggest that this com-
plex is best formulated as [K(C5H4N-2-NSiMe3)(THF)0.25] (2). Given
the large size of potassium it is likely that the structure of 2 involves
a complex aggregate [52]. However, crystallinematerial suitable for
X-ray diffraction has not been obtained so the structure of 2 remains
unclear. However, 2 is analytically pure, rendering it suitable for use
as a ligand transfer reagent.U(1)–N(1) 2.412(12) U(1)–N(2) 2.533(12)
U(1)–N(3) 2.431(12) U(1)–N(4) 2.492(12)
U(1)–N(5) 2.429(12) U(1)–N(6) 2.500(12)
U(1)–N(7) 2.445(13) U(1)–N(8) 2.529(13)2.2. Uranium derivatives
Since one objective of this work was to isolate homoleptic
uranium(III) L3U complexes we investigated the synthesis of the
corresponding heteroleptic L3UX precursor complexes. Treatment
of UCl4 with three equivalents of 1 in cold (78 C) THF afforded,
after ﬁltration and work-up, green crystals of the heteroleptic ura-
nium(IV) complex formulated as [U(Cl)(C5H4N-2-NSiMe3)3] (3) in


















Scheme 1. Synthethe relatively narrow range of +12 to 0 ppm, which suggests a rel-
atively symmetrical environment at uranium in 3. The magnetic
moment of 3 in benzene solution at 298 K was found to be 2.54
lB which is consistent with the uranium(IV) formulation of 3 since

























Scheme 2. Synthesis of 3.
D.M. King et al. / Inorganica Chimica Acta 380 (2012) 167–173 169moments in the range 2.5–3.0 lB per uranium centre [53]. To con-
ﬁrm the structure of 3we determined the crystal structure of crys-
tals grown from a saturated solution in hexane.
Complex 3 is mononuclear in the solid state and the structure is
shown in Fig. 2 with selected bond lengths given in Table 1. The ura-
nium centre adopts an irregular 7-coordinate geometry which is
constrained by the acute bite angles of the three chelating 2-amido-
pyridine ligands [55.74(11) av.]. The three amide centres are co-
planar with respect to the uranium centre, and each other, and
the sum of the three Namide–U–Namide angles is 359.89(12). The
U(1)–N(2), U(1)–N(4), and U(1)–N(6) bond lengths of 2.358(3),
2.342(3), and 2.328(3) Å, respectively, are characteristic of ura-
nium(IV)–amide bond lengths [8] and as expected are shorter than
the dative U(1)–N(1), U(1)–N(3), and U(1)–N(5) bond distances of
2.487(3), 2.483(4), and 2.478(3) Å, respectively. The U(1)–Cl(1)
bond length of 2.6494(9) Å is in the range of previously reported
uranium–chloride distances [49]. The three 2-amidopyridine li-
gands arrange around a given uranium centre in a twist-propeller
orientation. This results in an approximate C3 rotation axis aligned
along the uranium–chloride vector and is reminiscent of tris(amidi-
nate)uranium halide complexes [9,14]. This imparts chirality to
individual uranium centres, but crystals of 3 are racemic overall
since there is no chiral induction in the formation of 3. Furthermore,
this twist-propeller arrangement results in all the trimethylsilyl
groups pointing ‘up’ with respect to the chloride co-ligand.Fig. 2. Molecular structure of 3 with selected labelling. Displacement ellipsoids set
to 30% and hydrogen atoms are omitted for clarity.Having established that the heteroleptic complex 3 could be
isolated, we targeted the iodide congener since we anticipated this
to be a better reagent for reduction chemistry. Analogously to the
preparation of 3, we repeated the synthesis but substituted UCl4
with UI4(OEt2)2 and 2 for 1. Following ﬁltration and work-up a
brown solid was isolated from which brown [U(I)(C5H4N-2-NSiM-
e3)3] (4) was obtained in 82% crystalline yield, Scheme 3. The 1H
NMR spectrum of 4 spans the range +19 to 17 ppm, which is over
twice the range of 3. The magnetic moment of 4 in benzene solu-
tion at 298 K was found to be 2.80 lB, and although this magnetic
moment is higher than 3 it falls well within the range of reported
magnetic moments for uranium(IV) complexes [53]. It is germane
to note that we have previously observed magnetic moments for
triamidoamine uranium(IV) complexes with soft pseudo-halide li-
gands that are lower than the analogous chloride complexes [26],
but a thorough understanding of the factors which determine ura-
nium orbital magnetism is still an ongoing challenge.
We determined the structure of complex 4 and this is depicted
in Fig. 3 and selected bond lengths are tabulated in Table 1. Com-
plex 4 is essentially isostructural to 3 except for the obvious
replacement of chloride by iodide. As in 3, the three amide atoms
in 4 are co-planar with respect to uranium and each other [av. bite
angle = 55.76(16)] and the sum of the three Namide–U–Namide an-
gles is 359.93(16). The U(1)–N(2), U(1)–N(4), and U(1)–N(6) bond
lengths of 2.352(5), 2.337(4), and 2.338(5) Å, respectively, and the
longer, dative U(1)–N(1), U(1)–N(3), and U(1)–N(5) bond distances
of 2.503(4), 2.474(5), and 2.478(3) Å, respectively are statistically
indistinguishable to the corresponding values observed in 3 and
demonstrate that the replacement of chloride by iodide [U(1)–
I(1) = 3.0888(5) Å] has no structural impact on the coordination
of the three 2-amidopyridine ligands which, like 3, are all aligned
‘up’ with respect to the halide.
With the synthesis of 4 accomplished, we investigated its reduc-
tion in an attempt to prepare a homoleptic uranium(III) [U(C5H4N-
2-NSiMe3)3] derivative, Scheme 4. We investigated the reduction of
4with potassium graphite, potassium naphthalenide, or potassium
mirror in THF and toluene but in all cases yellow crystals, indicative
of uranium(IV), were isolated from hexane in an average yield of
32%. Since potassium iodide was eliminated, and purple solutions
were observed, we reasoned that reduction to uranium(III) was pro-
ceeding, but subsequent disproportionation and ligand redistribu-
tion were occurring during work-up. In an attempt to prevent
disproportionation and ligand scrambling we conducted reduction
reactions in 1,2-dimethoxyethane reasoning that this may block
coordination sites that would enable dimerisation and the afore-
mentioned disproportionation/ligand redistribution to occur. How-
ever, this method also generated yellow crystals characteristic of
uranium(IV), which is supported by the observed solutionmagnetic
moment of 2.87 lB. Given that the closely related uranium(III) com-
plex [UN003] [N00 = N(SiMe3)2] [54] may be routinely prepared and
isolated we posit that the pyridyl group destabilises the trivalent
state of uranium. This destabilisation promotes disproportionation
and ligand redistribution. Thus, the tetravalent state of uranium
is stabilised even though the pyridyl groups may in principle















Scheme 3. Synthesis of 4.
Fig. 3. Molecular structure of 4 with selective labelling. Displacement ellipsoids set














Scheme 4. Attempted synthesis of [U(C5H4N-2-NSiMe3)3].
Fig. 4. Molecular structure of 5 with selective labelling. Displacement ellipsoids set
to 30% and hydrogen atoms are omitted for clarity.
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be considered a ‘softer’ donor than ‘hard’ alkoxides it is a strong do-
nor ligand and it would appear that its strong donor nature is sufﬁ-
cient to push the U(III)/(IV) redox couple of uranium, which is
already favourable, in these 2-amidopyridine systems past the cusp
of stability. This presumably outweighs any stabilisation effects
gained by saturating the coordination sphere of uranium such that
the trivalent system is destabilised with respect to the tetravalent
state.
The yellow crystals isolated from the reduction reactions were
all determined to be the homoleptic uranium(IV) complex [U(C5
H4N-2-NSiMe3)4] (5), Scheme 5, and the structure is illustrated in
Fig. 4 and selected bond lengths are given in Table 1. The uranium
centre in 5 adopts an irregular 8-coordinate geometry and the four
2-amidopyridine ligands are geared such that the trimethylsilyl
groups mesh efﬁciently. The U–Namide and U–Namine distances aver-

















Scheme 5. Synthesis of 5.longer than observed in 3 and 4, reﬂecting the higher steric conges-
tion and higher coordination number at uranium in 5. This is re-
ﬂected in the more narrow bite angle of the 2-amidopyridine
ligands in 5 [av. 54.68(4)] compared to 3 and 4.
At room temperature the 1H NMR spectrum of 5, Fig. 5, exhibits
one major broad resonance (fwhm  2700 Hz) along with two
minor resonances but apart from a small quantity of sharp diamag-
netic impurity resonances it is otherwise apparently featureless
which suggests one or more ﬂuxional processes are operating in
solution for 5. Upon cooling a sample of 5 in toluene-d8, the major
and minor resonances collapse into two broad features centred at
5 and 20 ppm. At 263–253 K four broad features in the range
+20 to 15 ppm are evident and as the temperature is lowered fur-
ther these resonances become sharper and other resonances be-
come apparent until at the low temperature limit of 213 K a
spectrum exhibiting four trimethylsilyl resonances and 16 pyridyl
C–H resonances is observed. This suggests that at low temperature
a structure analogous to the solid state structure is present in solu-
tion, where the interlocked nature of the trimethylsilyl groups ren-
ders the ligand environments magnetically inequivalent, whereas
at higher temperatures this species undergoes ﬂuxional exchange
behaviour which renders all four of the 2-amidopyridyl ligands
equivalent on the NMR timescale. The overlapping nature of the
resonances results in this process being somewhat underdeter-
mined, which prevents precise thermodynamic parameters from
being extracted, but line-shape analysis yields an estimated DG
value of 50 kJ mol1 in the coalescence regime.3. Summary and conclusions
To conclude, we have prepared two new 2-trimethylsilylamido-
pyridine alkali metal ligand transfer reagents and demonstrated
their utility in the synthesis of two heteroleptic uranium(IV) L3UX
(X = Cl, I) complexes which are stable. Attempts to isolate the hypo-
thetical homoleptic uranium(III) L3U complex under a variety of
conditions resulted in disproportionation and ligand redistribution
affording the corresponding homoleptic uranium(IV) L4U complex.
This instability may be rationalised on the basis that the strong do-
nor pyridyl group destabilises the trivalent state of uranium and
Fig. 5. Variable temperature 1H NMR study of 5 in d8-toluene.
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tetravalent state of uranium.On the one hand itwas anticipated that
the pyridyl donors would saturate the coordination sphere of ura-
nium suppressing disproportionation and ligand scrambling, but
this is apparently outweighed by the destabilising effect that this
stronglydonatinggrouphas on theU(III)/(IV) redox couplewhichal-
ready favours the tetravalent state.
4. Experimental
4.1. General
All manipulations were carried out using standard Schlenk
techniques, or an MBraun UniLab glovebox, under an atmosphere
of dry nitrogen. Solvents were dried by passage through activated
alumina towers and degassed before use. All solvents were stored
over potassium mirrors, with the exception of ethers which were
stored over activated 4 Å molecular sieves. Deuterated solvents
were distilled from potassium, degassed by three freeze-pump-
thaw cycles and stored under nitrogen. The compounds C5H4N-2-
N(H)SiMe3 [3], UCl4 [55], and UI4(OEt2)2 [56] were prepared
according to published procedures.
1H NMR spectra were recorded on a Bruker 400 spectrometer
operating at 400.2 MHz; chemical shifts are quoted in ppm and
are relative to TMS. FTIR spectra were recorded on a Bruker Tensor
27 spectrometer. Elemental microanalyses were carried out by
Tong Liu at the University of Nottingham.
4.2. Synthesis of [{Li(C5H4N-2-NSiMe3)(THF)}2] (1)
C5H4N-2-N(H)SiMe3 (3.43 g, 20.60 mmol) was dissolved in THF
and cooled to78 C. BunLi (8.24 ml, 20.60 mmol) was added drop-
wise and the solution allowed to warm slowly to room tempera-
ture with stirring for 16 h. Volatiles were removed in vacuo and
the resulting solid was washed with hexanes (2  20 ml). The
product was dried in vacuo to yield 1 as an off-white solid. Colour-
less crystals were grown from a saturated solution of 1 in hexanes
at 30 C. Yield: 4.03 g, 80%. Anal. Calc. for C24H42Li2N4O2Si2: C,58.99; H, 8.66; N, 11.47. Found: C, 58.81; H, 8.63; N, 11.32%. 1H
NMR (C6D6, 298 K): d 0.52 (s, 18H, SiCH3), 1.28 (m, 8H, OCH2CH2),
3.45 (m, 8H, OCH2CH2), 6.30 (m, 2H, Py-H), 6.72 (m, 2H, Py-H), 7.20
(m, 2H, Py-H), 8.05 (m, 2H, Py-H). 13C{H} (C6D6, 298 K): d 1.71
(SiCH3), 25.05 (OCH2CH2), 67.93 (OCH2CH2), 108.05 (Py-CH),
115.36 (Py-CH), 136.95 (Py-CH), 147.41 (Py-CH), 171.67 (Py-C).
29Si NMR (C6D6, 298 K): d 8.55. 7Li NMR (C6D6, 298 K): dLi 1.95.
FTIR m/cm1 (Nujol): 2954 (vs), 2924 (vs), 2854 (vs), 1593 (s),
1572 (w), 1495 (s), 1465 (s), 1427 (w), 1404 (w), 1343 (m), 1292
(w), 1260 (m), 1242 (w), 1152 (w), 1098 (m), 1050 (m), 1020
(m), 998 (m), 945 (w), 829 (s), 801 (s), 734 (w).
4.3. Synthesis of [K(C5H4N-2-NSiMe3)(THF)0.25] (2)
THF (40 ml) was added slowly to a stirring mixture of C5H4N-2-
N(H)SiMe3 (4.16 g, 25.00 mmol) and KH (1.00 g, 25.00 mmol) at
78 C. The mixture was allowed to warm to room temperature
with stirring over 16 h. The volatiles were removed in vacuo and
the resulting solid was washed with hexanes (2  20 ml). The
product was dried in vacuo to yield 2 as an off-white solid. Yield:
5.39 g, 97%. Anal. Calc. for C9H15N2O0.25KSi: C, 48.60; H, 6.80; N,
12.60. Found: C, 48.51; H, 6.68; N, 12.51%. 1H NMR (C6D6, 298 K):
d 0.50 (s, 9H, SiCH3), 1.52 (m, 1H, OCH2CH2), 3.63 (m, 1H,
OCH2CH2), 6.29 (m, 1H, Py-H), 6.59 (m, 1H, Py-H), 7.23 (m, 1H,
Py-H), 8.06 (m, 1H, Py-H). 13C{H} (C6D6, 298 K): d 2.41 (SiCH3),
25.48 (OCH2CH2), 67.47 (OCH2CH2), 105.52 (Py-CH), 115.49 (Py-
CH), 136.53 (Py-CH), 149.23 (Py-CH), 168.99 (Py-C). 29Si NMR
(C6D6, 298 K): d 8.52. FTIR m/cm1 (Nujol): 2956 (vs), 2924 (vs),
2854 (vs), 1601 (w), 1461 (s), 1403 (m), 1377 (m), 1318 (w),
1261 (m), 1091 (m), 1020 (m), 901 (w), 843 (w), 801 (m).
4.4. Synthesis of [U(Cl)(C5H4N-2-NSiMe3)3] (3)
THF (40 ml) was added slowly to a stirring mixture of 1 (1.47 g,
3.00 mmol) and UCl4 (0.38 g, 1.00 mmol) at 78 C. The mixture
was allowed to warm to room temperature with stirring over 16 h.
Volatiles were removed in vacuo and the product was extracted into
hot toluene (30 ml). The mixture was ﬁltered to remove the LiCl
Table 2
Crystallographic data for 1 and 3–5.
1 3 4 5
Formula C24H42LiN4O2Si2 C24H39ClN6Si3U C24H39IN6Si3U C32H52N8U
Formula weight 488.68 769.36 860.81 899.21
Crystal size (mm) 0.12  0.11  0.10 0.24  0.08  0.06 0.11  0.04  0.03 0.25  0.09  0.02
Crystal system triclinic tetragonal monoclinic monoclinic
Space group P1 P42/n P21/n P21/n
a (Å) 8.581(2) 24.0656(10) 11.9555(10) 10.348(2)
b(Å) 10.119(3) 24.0656(10) 14.1773(13) 23.488(5)
c(Å) 17.209(5) 11.3602(6) 18.8646(17) 16.164(3)
a () 82.857(4)
b () 83.588(4) 94.403(2) 95.313(4)
c () 72.753(4)
V (Å3) 1411.5(7) 6579.3(5) 3188.1(5) 3912.0(14)
Z 2 8 4 4
qcalcd (g cm3) 1.150 1.553 1.793 1.527
l (mm1) 0.152 15.852 6.195 4.304
No. of reﬂections measd 9966 24846 19066 33764
No. of unique reﬂns, Rint 6102, 0.0398 6607, 0.0443 7359, 0.0436 8836, 0.1645
No. of reﬂns with F2 > 2r(F2) 4377 5718 6217 4925
Transmission coefﬁcient range 0.98–0.98 0.91–1.00 0.41–0.75 0.29–0.43
R, Rwa (F2 > 2r(F2)) 0.0770, 0.1932 0.0291, 0.0726 0.0434, 0.1024 0.0894, 0.2041
R, Rwa (all data) 0.1039, 0.2133 0.0354, 0.0769 0.0532, 0.1072 0.1681, 0.2566
Sa 1.046 1.050 1.008 1.034
Parameters 313 325 325 418
Maximum, minimum difference map (e Å3) 1.00, 0.32 1.81, 1.47 3.63, .36 2.32, 4.59








w(Fo2)2]1/2; S = [
P
w(Fo2  Fc2)2/no. data – no. params)]1/2 for all data.
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solid. Green crystals were grown from a saturated solution of hex-
anes at 0 C. Yield: 0.48 g, 63%. Anal. Calc. for C24H39N6Si3UCl: C,
37.47; H, 5.11; N, 10.92. Found: C, 38.92; H, 5.49; N, 10.87%. 1H
NMR (C6D6, 298 K): d 11.94 (s, 3H, py-H), 10.09 (s, 3H, py-H), 4.84
(s, 27H, SiCH3), 1.67 (s, 3H, py-H), 0.09 (s, 3H, py-H). 29Si NMR
(C6D6, 298 K): d 40.79. FTIR m/cm1 (Nujol): 2955 (vs), 2924 (vs),
2854 (vs), 1595 (s), 1541 (w), 1495 (s), 1433 (m), 1377 (m), 1319
(m), 1289 (m), 1259 (m), 1246 (w), 1153 (w), 1094 (m), 1019 (m),
1019 (m), 936 (m), 843 (s), 800 (s), 774 (m), 732 (w). leff (Evans
method, C6D6 solution, 298 K): 2.54 lB.
4.5. Synthesis of [U(I)(C5H4N-2-NSiMe3)3] (4)
THF (40 ml) was added slowly to a stirring mixture of 2 (4.00 g,
18.00 mmol) and UI4(OEt2)2 (5.36 g, 6.00 mmol) at –78 C. Themix-
ture was allowed to warm to room temperature with stirring over
16 h. Volatileswere removed in vacuo and theproductwas extracted
into hot toluene (30 ml). Themixturewas ﬁltered to remove the LiCl
precipitate and volatileswere removed in vacuo to yield4 as a brown
solid. Brown crystals were grown from a saturated solution of hex-
anes. Yield: 4.23 g, 82%. Anal. Calc. for C24H39IN6Si3U: C, 33.49; H,
4.57; N, 9.76. Found: C, 34.77; H, 4.79; N, 10.06%. 1H NMR (C6D6,
298 K): d 18.90 (s, 3H, py-H), 11.06 (s, 3H, py-H), 9.47 (s, 27H, SiCH3),
1.55 (s, 3H, py-H), 16.70 (d, 3H, py-H). 29Si NMR (C6D6, 298 K): d
10.62 ppm (s). FTIR v/cm1 (Nujol): 2956 (vs), 2924 (vs), 2854 (vs),
1597 (m), 1456 (s), 1377 (m), 1334 (w), 1318 (w), 1260 (m), 1094 (s),
1020 (s), 841 (m), 800 (s). leff (Evansmethod, C6D6 solution, 298 K):
2.80 lB.
4.6. Attempted synthesis of [U(C5H4N-2-NSiMe3)3] and isolation of
[U(C5H4N-2-NSiMe3)4] (5)
Method A: THF (20 ml) was added slowly to a stirring mixture of
4 (0.86 g, 1.00 mmol) and KC8 (0.18 g, 1.30 mmol) at 78 C. The
mixture was allowed to warm to room temperature with stirring
over 16 h. The solution was ﬁltered to remove the KI and C8 precip-
itate. Volatiles were removed in vacuo and the product wasextracted into hexanes. Yellow crystals were grown from a satu-
rated solution of hexanes. Method B: Toluene (20 ml) was added
slowly to a stirring mixture of 4 (0.86 g, 1.00 mmol) and KC8
(0.18 g, 1.30 mmol) at 78 C. The mixture was allowed to warm
to room temperature with stirring over 16 h. The solution was ﬁl-
tered to remove the KI and C8 precipitate. Volatiles were removed
in vacuo and the product extracted into hexanes. Yellow crystals
were grown from a saturated solution of hexanes. Method C:
DME (20 ml) was added slowly to a stirring mixture of 4 (0.86 g,
1.00 mmol) and KC8 (0.18 g, 1.30 mmol) at 78 C. The mixture
was allowed to warm to room temperature with stirring over
16 h. The solution was ﬁltered to remove the KI and C8 precipitate.
Volatiles were removed in vacuo and the product extracted into
hexanes. Yellow crystals were grown from a saturated solution of
hexanes. Method D: A solution of potassium naphthalenide
(0.17 g, 1.00 mmol) in THF (10 ml) was added to a stirring solution
of 4 (0.86 g, 1.00 mmol) in THF (10 ml) at 78 C. The mixture was
allowed to warm to room temperature with stirring over 16 h. The
volatiles were removed in vacuo and the product was extracted
into hexanes (20 ml), and ﬁltered to remove the KI precipitate. Yel-
low crystals were grown from a saturated solution of hexanes.
Method E: A solution of 4 (0.86 g, 1.00 mmol) in toluene (20 ml)
was vigorously stirred over a potassium mirror (20 fold excess)
for 2 days. The mixture was ﬁltered and volatiles removed in vacuo.
Yellow crystals were grown from a saturated solution of hexanes to
give 5. Average yield of 0.29 g, 32%. Anal. Calc. for C32H52N8Si4U: C,
42.74; H, 5.83; N, 12.46. Found: C, 42.04; H, 5.78; N, 11.67%. 1H
NMR (C6D6, 213 K): dH 34.3 (s, 1H, py-H), 32.6 (s, 1H, py-H), 23.4
(s, 1H, py-H), 19.5 (s, 9H, SiCH3), 18.0 (s, 1H, py-H), 14.4 (s, 1H,
py-H), 12.3 (s, 1H, py-H), 8.3 (s, 9H, SiCH3), 4.1 (s, 1H, py-H), 2.7
(s, 1H, py-H), 1.4 (s, 1H, py-H), 0.4 (s, 1H, py-H), 0.4 (s, 1H, py-
H), 0.7 (s, 1H, py-H), 2.2 (s, 1H, py-H), 3.5 (s, v br, 9H, SiCH3),
7.9 (s, 1H, py-H), 16.7 (s, 9H, SiCH3), 18.6 (s, 1H, py-H), 22.1
(s, 1H, py-H). FTIR m/cm1 (Nujol): 2956 (vs), 2925 (vs), 2854 (vs),
1595 (s), 1450 (s), 1433 (m), 1378 (m), 1331 (w), 1289 (w), 1260
(w), 1246 (w), 1154 (w), 1108 (w), 1095 (m), 1020 (m), 936 (m),
836 (m), 801 (m), 772 (w). leff (Evans method, C6D6 solution,
298 K): 2.87 lB.
D.M. King et al. / Inorganica Chimica Acta 380 (2012) 167–173 1734.7. X-ray crystallography
Crystal data for compounds 1 and 3–5 are given in Table 2 and
bond lengths and angles are listed in Table 1. Crystals were exam-
ined variously on a Bruker APEX CCD area detector diffractometer
using graphite-monochromated Mo Ka radiation (k = 0.71073 Å),
or on an Oxford Diffraction SuperNova Atlas CCD diffractometer
usingmirror-monochromated CuKa radiation (k = 1.5418 Å). Inten-
sities were integrated from data recorded on 0.3 (APEX) or 1
(SuperNova) frames by x rotation. Cell parameters were reﬁned
from the observed positions of all strong reﬂections in each data
set. Semi-empirical absorption correction based on symmetry-
equivalent and repeat reﬂections (APEX) or Gaussian grid face-in-
dexed absorption correction with a beam proﬁle correction
(Supernova) were applied. The structures were solved variously
by direct and heavy atom methods and were reﬁned by full-matrix
least-squares on all unique F2 values, with anisotropic displacement
parameters for all non-hydrogen atoms, and with constrained rid-
ing hydrogen geometries; Uiso(H) was set at 1.2 (1.5 for methyl
groups) times Ueq of the parent atom. The largest features in ﬁnal
difference syntheses were close to heavy atoms and were of no
chemical signiﬁcance. Programs were Bruker AXS SMART [57] and
CrysAlisPro [58] (control), Bruker AXS SAINT [57] and CRYSALISPRO
[58] (integration), and SHELXTL [59] and OLEX2 [60] were employed
for structure solution and reﬁnement and for molecular graphics.
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Appendix A. Supplementary material
CCDC 832296–832299 contain the supplementary crystallo-
graphic data for complexes 1 and 3–5, respectively. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ica.2011.09.005.
References
[1] R. Kempe, Eur. J. Inorg. Chem. (2003) 791. and references therein.
[2] K.T. Potts, J.J. O’Brien, F.S. Tham, Inorg. Chim. Acta 177 (1990) 13.
[3] S.T. Liddle, W. Clegg, J. Chem. Soc., Dalton Trans. (2001) 402.
[4] S.T. Liddle, W. Clegg, J. Chem. Soc., Dalton Trans. (2001) 3549.
[5] S.T. Liddle, W. Clegg, Polyhedron 21 (2002) 2451.
[6] S.T. Liddle, W. Clegg, Polyhedron 22 (2003) 3507.
[7] S.T. Liddle, W. Clegg, C.A. Morrison, Dalton Trans. (2004) 2514.
[8] J.C. Berthet, M. Ephritikhine, Coord. Chem. Rev. 178–180 (1998) 83.
[9] M. Wedler, F. Knosel, M. Noltemeyer, F.T. Edelmann, U. Behrens, J. Organomet.
Chem. 388 (1990) 21.
[10] M. Wedler, M. Noltemeyer, F.T. Edelmann, Angew. Chem. Int. Edit. 31 (1992)
72.
[11] M. Muller, V.C. Williams, L.H. Doerrer, M.A. Leech, S.A. Mason, M.L.H. Green, K.
Prout, Inorg. Chem. 37 (1998) 1315.[12] M.J. Sarsﬁeld, M. Helliwell, J. Am. Chem. Soc. 126 (2004) 1036.
[13] M.J. Sarsﬁeld, M. Helliwell, J. Raftery, Inorg. Chem. 43 (2004) 3170.
[14] C. Villers, P. Thuery, M. Ephritikhine, Eur. J. Inorg. Chem. (2004) 4624.
[15] C. Villers, P. Thuery, M. Ephritikhine, Chem. Commun. (2006) 392.
[16] C. Villers, P. Thuery, M. Ephritikhine, Chem. Commun. (2007) 2832.
[17] W.J. Evans, C.A. Traina, J.W. Ziller, J. Am. Chem. Soc. 131 (2009) 17473.
[18] W.J. Evans, J.R. Walensky, J.W. Ziller, A.L. Rheingold, Organometallics 28 (2009)
3350.
[19] W.J. Evans, M.K. Takase, J.W. Ziller, A.L. Rheingold, Organometallics 28 (2009)
5802.
[20] W.J. Evans, J.R. Walensky, J.W. Ziller, Chem. Commun. (2009) 7342.
[21] W.J. Evans, J.R. Walensky, J.W. Ziller, Chem. Eur. J. 15 (2009) 12204.
[22] W.J. Evans, J.R. Walensky, J.W. Ziller, Organometallics 29 (2010) 101.
[23] E. Montalvo, J.W. Ziller, A.G. DiPasquale, A.L. Rheingold, W.J. Evans,
Organometallics 29 (2010) 2104.
[24] W.J. Evans, E. Montalvo, J.W. Ziller, A.G. DiPasquale, A.L. Rheingold, Inorg.
Chem. 49 (2010) 222.
[25] W.J. Evans, J.R. Walensky, J.W. Ziller, Inorg. Chem. 49 (2010) 1743.
[26] S.T. Liddle, J. McMaster, D.P. Mills, A.J. Blake, C. Jones, W.D. Woodul, Angew.
Chem. Int. Edit. 48 (2009) 1077.
[27] B.M. Gardner, J. McMaster, W. Lewis, S.T. Liddle, Chem. Commun. (2009)
2851.
[28] B.M. Gardner, J. McMaster, W. Lewis, A.J. Blake, S.T. Liddle, J. Am. Chem. Soc.
131 (2009) 10388.
[29] D. Patel, W. Lewis, A.J. Blake, S.T. Liddle, Dalton Trans. 39 (2010) 6638.
[30] D. Patel, D.M. King, B.M. Gardner, J. McMaster, W. Lewis, A.J. Blake, S.T. Liddle,
Chem. Commun. 47 (2011) 295.
[31] B.M. Gardner, J. McMaster, F. Moro, W. Lewis, A.J. Blake, S.T. Liddle, Chem. Eur.
J. 17 (2011) 6909.
[32] D.P. Mills, F. Moro, J. McMaster, J. van Slageren, W. Lewis, A.J. Blake, S.T. Liddle,
Nat. Chem. 3 (2011) 454.
[33] J.G. Brennan, R.A. Andersen, J.L. Robbins, J. Am. Chem. Soc. 108 (1986) 335.
[34] J. Parry, E. Carmona, S. Coles, M. Hursthouse, J. Am. Chem. Soc. 117 (1995)
2649.
[35] W.J. Evans, S.A. Kozimor, G.W. Nyce, J.W. Ziller, J. Am. Chem. Soc. 125 (2003)
13831.
[36] I. Castro-Rodriguez, K. Meyer, J. Am. Chem. Soc. 127 (2005) 11242.
[37] I. Castro-Rodriguez, H. Nakai, L.N. Zakharov, A.L. Rheingold, K. Meyer, Science
305 (2005) 1757.
[38] P. Roussel, P. Scott, J. Am. Chem. Soc. 120 (1998) 1070.
[39] W.J. Evans, S.A. Kozimor, J.W. Ziller, J. Am. Chem. Soc. 125 (2002) 14264.
[40] F.G.N. Cloke, P.B. Hitchcock, J. Am. Chem. Soc. 124 (2002) 9352.
[41] W.J. Evans, J.W. Grate, L.A. Hughes, H. Zhang, J.L. Atwood, J. Am. Chem. Soc. 107
(1985) 3728.
[42] W.J. Evans, D.S. Lee, J.W. Ziller, N. Kaltsoyannis, J. Am. Chem. Soc. 126 (2006)
14176.
[43] O.T. Summerscales, F.G.N. Cloke, P.B. Hitchcock, J.C. Green, N. Hazari, Science
311 (2006) 829.
[44] O.T. Summerscales, F.G.N. Cloke, P.B. Hitchcock, J.C. Green, N. Hazari, J. Am.
Chem. Soc. 128 (2006) 9602.
[45] A.S. Frey, F.G.N. Cloke, P.B. Hitchcock, I.J. Day, J.C. Green, G. Aitken, J. Am. Chem.
Soc. 130 (2008) 13816.
[46] P.L. Arnold, Z.R. Turner, R.M. Bellabarba, R.P. Tooze, Chem. Sci. 2 (2011) 77.
[47] S.M. Mansell, N. Kaltsoyannis, P.L. Arnold, J. Am. Chem. Soc. 133 (2011) 9036.
[48] R.E. Mulvey, Chem. Soc. Rev. 20 (1991) 167.
[49] As evidenced from a search of the Cambridge Structural Database (CSD version
1.11, date: 30/06/2011): F.H. Allen, Acta Cryst. Sect. B 58 (2002) 380.
[50] F.T. Edelmann, Top. Curr. Chem. 179 (1996) 247.
[51] K.J. Izod, S.T. Liddle, W. Clegg, Inorg. Chem. 43 (2004) 214.
[52] F. Antolini, P.B. Hitchcock, A.V. Khvostov, M.F. Lappert, Eur. J. Inorg. Chem.
(2003) 3391.
[53] O.J. Cooper, D.P. Mills, J. McMaster, F. Moro, E.S. Davies, W. Lewis, A.J. Blake,
S.T. Liddle, Angew. Chem. Int. Ed. 50 (2011) 2383. and references therein.
[54] R.A. Andersen, Inorg. Chem. 18 (1979) 1507.
[55] J.L. Kiplinger, D.E. Morris, B.L. Scott, C.J. Burns, Organometallics 21 (2002)
5978.
[56] D.D. Schnaars, G. Wu, T.W. Hayton, Dalton Trans. (2008) 6121.
[57] SMART and SAINT Bruker AXS Inc., Madison, WI, USA, 2001.
[58] P.R.O. CrysAlis, Agilent Technologies, Yarnton, England, 2010.
[59] G.M. Sheldrick, Acta Crystallogr., Sect. A 64 (2008) 112.
[60] Olex2 J. Appl. Cryst. 42 (2009) 339.
